


OF BIOLOGICAL WARFARE 
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anthrax and plague bad 

a few thousand people. In fact, 

dently caused theologians, politicians, and 
nearly everybody else to overlook the 
increasing danger of biological warfare. 
Unfortunately there are good reasons to 
suggest that a general disaster of apoca- 

true, for instance, that a handful of small- 
pox cases in New York City would cause 
a problem. All available smallpox vaccine 
would be used up quickly, since none has 
been made since 1980. The World Health 

mcdt than the 

centuries, but nobody has ever won a war 

in 1980. Vaccine production w 
dismantled. But in  the year 
learned that the Soviet Union had been 
making huge stockpiles of "WeaponizeC 

allpox virus, the fate of which is stil? 
lear. (The Soviet Union, in massive 

violation of ita treaty commitments, had 
sand people, at thirty-six scat- 

lations, secretly working on 
biological weapons.) Since 1980, suscep 

allpox has risen to about 83 
the world's human population. 

ate genet idy  engineered pathogens 

Leaving aside theological a@ for 
the moment, a direct cause of this new 
danger is recent rapid teehnblogical devel- 
opments, particularly ih genomics (infop- 
mation derived diredly or indirectly from 
genetic sequence data). This field is mov. 
ing so fast and yielding so many biologi 
cal insights daily that it is difficult for 
even scientists working in the field 
hUy comprehend its potential. Howevev 
our cartoon, which portrays a m i d i 0 1  
ogy laboratory in the imminent future, 
includes facilities for using genomics rel- 
evant to biological warfare research. 

enhanced pathogens" contains the prod 

NATURAL EPIDEMICS 

a historically true that natural 
ave occasionally caused 
sufEcient magnitude to be 
yptic. Sixteenth-century 

percent of its native popu- 
successive waves of small- 

pox and measles. In the middle of the 
fourteenth century, plague (the Black 

d all over Asia, the Mid- 
The incubator labeled "genetically dl orth Africa and Europe for 

killing 20 to 50 percent of the 



rohy, the technology is in place and publicly available to create 
genetically engineered pathogens that are capable of massiv, I&@ 

Nevertheless, natural pathogens, even 
at their worst, are not optimized for the 
purposes of full-scale biological warfare. 
Speed is important to surprise both the 
individual human body under attack and 
the society of which the individual is a 
member. It takes time for the host to mount 
its defenses, and it takes time for society to 
respond. Genetic modifications of viruses, 
by techniques now available to anyone, can 
make these contests very different than 
they are in nature. Let me give one exam- 
ple of the hundreds that can be hypothe- 
sized. 

Influenza virus has a very short incu- 
bation period and is one of the most conta- 
gious natural pathogens known. Once in a 
while a upandemic’’ strain emerges in 
nature from a rare recombination of a 
human strain with an  animal or bird 
strain. Nobody has any residual immunity 
to these totally new creatures, which can 
quickly sweep across the planet. The worst 
strain so far was the Spanish flu of 
1918-19, which infected almost everybody 
in the world and killed over twenty million 
people. But it was not apocalyptic-the 
mortality rate was about 0.5 percent-and 
it did not destabilize any nations or society 
in general. 

The low death rate is primarily due to 
the fact that the influenza infection is 
almost completely restricted to the respi- 
ratory tract, unlike its relative, the measles 
virus, where the primarily infected respi- 
ratory cells always release virus into the 
bloodstream. Research has shown that a 
protein of the influenza virus, called W, is 

virus to the outside surface of the cells lin- 
ing the respiratory tract (called “apical” 
release), in contrast to release at the 
“basal” surface toward the blood vessels. 
Sounds complicated, which it is, but how 
would you like it if Osama bin Laden, the 
terrorist leader, sent a dozen of his suicide 
agents hacking and coughing on a seven- 
day odyssey through the international air- 
ports of the world, after being infected with 
a created pandemic strain of influenza 
virus that contained an engineered M2 
gene? Just hanging around London- 
Heathrow airport, which is usually packed 
with people from everywhere going every- 
where, might do it. There is even a well- 
established cell-culture model that can be 
used for the preliminary work on 
apicaybasal shedding of influenza virus. 

NEW TECHNOLOGIES OF DISEASE- 
GENE CREATION 

e current technical ability to cre- 
ate hundreds of innovative viruses 
of unprecedented virulence is a 
consequence of the new genomics 

technologies. The basic idea of genomics is 
straightforward: The sequence of the 
entire genetic apparatus of an organism is 
determined, and then, using this database, 
the functions of each and every portion of 
that apparatus (genome) are gradually 
worked out using a wondrous array of new 
techniques. Sequence databases have 
recently been completed for humans as 
well as for several other creatures and 
many important pathogens. T*7-L;ng out 
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The era of designer genes and cut-and-paste vi 

in its infancy because people’s genomes are 
very large, containing almost 100,000 
genes as well as a lot of regulatory and 
structural stuff. Viruses typically have 
genomes at least three orders of magnitude 
smaller, with at most about 200 genes 

dozen genes). 
about viruses 

am now pouring out of research laborato- 
ries all over the world. All these databases 
and functional results are fieely available 
to the public. 
’ Our cartoon shows one of the scientists 
using a microbial sequence database called 
a “Superannotated Diabolical Database.” 
This is pure fiction-right now. At least I 
don’t know of any public databases so 
named; private ones that are equivalent 
are undoubtedly in progress. Annotation 
refers to the references and other data that 
are tagged to sequence segments and rep- 
resent the accumulating functionally rele- 
vant data. In the case of a “Diabolical 
Database,” the sequence segments of 
pathogenic microorganisms are tied to 
functions relevant to biological warfare: 
incubation period, infectivity, shedding 
characteristics, cell culture models, all pos- 
sible virulence parameters, and stability in 
aerosols. In other words, the database con- 
tains not just clinical virology data but the 
genetic determinants of those characteris- 
tics that make for enhanced pathogenicity. 
The era of designer genes and cut-and- 
paste viruses has already arrived. 

The signs on the cartoon laboratory 
door are largely macabre, insider exagger- 
ations, but they illustrate several points. 
There is no official meaning to BSL 6 1/2. 

re1 of laboratory precauti 
for many operations involving the most 
dangerow viruses, such as in Ebola virus 
research. Our BSL 6 1/2 is meant to sug- 
gest that this might be a suitable designa- 
tion for a laboratory where the h a l  engi- 

es are grown before being 
o rapid serial pasaage in 

human prisoners kept in a BSL 7 facility. 
This is also to remind the reader that there 
really have been some monstrous evils in 
this biological warfare business. Between 
1937 and 1945, the infamous General Ishii 
of the Japanese army, a t  a complex in 
Manchuria called Unit 731, used thou- 
sands of Chinese nationals to develop 
weaponized anthrax aerosols. Almost 
three thousand death were documented 
aRer the war. 

In Contradiction of the BSL 6 1/2 des- 
ignation is the sign “Biothreat Reduction 
Laboratorf‘ denoting a defensive labora- 
tory. Therein lies a problem that seems to 
lack any easy solution. How can one dis- 
tinguish a laboratory that is designing bio- 
logical warfare agents from one that is 
investigating defensive strategies, or, for 
that matter, any infectious disease 
research laboratory? They all look alike 
and use the same public databases, tech- 
nology, and materials, as well as person- 
nel with similar skills. There are thou- 
sands of legitimate microbiology 
laboratories all over the world, including 
institutes, pharmaceutid companies, aca- 
demic departments, and government lab- 
oratories, doing beneficial infectious dis- 
ease research. Their work includes 
developing vacches, devising new meth- 
ods of therapy, and trying to understand 



disease mechanisms. Any 
could be a cover for creating genetieally 
enhanced pathogem. Such actidti& could 
even be pursued without the 
their own management. 

Unlike nuclear weapons fkilities, 
logical warfare research doesn't require 
large national organizations or billions of 
dollars. An organization of a half dozen 

skjllful people with a few million dollars 
could lmte sllmsst anywhere and &and 
the world on its head. Conspicuous equip 
ment such as large fermenters is no+, 
needed. As the technology becomes easier 
to use and mote accessible, the number of 
people, who will want to play this apoca- 
lyptic g a m e d  increase substantially. At 
the same time, 'the' rate of development of 
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Today many experienced microbiologists shy away @om any 
involvement with even defensive programs in this area. 

defensive strategies, which are intrinsically 
more difficult to implement, will lag fur- 
ther behind. As one sarcastic observer 
wrote, it won’t help having a bunch of FBI 
people in space suits running around after 
a large part of a population has been 
exposed to an untreatable, optimized bioa- 

ell, what has theology got to 
do with all this? It has to do 
with what kind of world- W views our society can sus- 

tain in a world that seems to be acceleratr 
ing toward some kind of climax. Of course, 
we could avoid thinking about it or “have 
faith.” Many people, including many sci- 
entists, believe that the word nature is 
roughly equivalent to the word God, except 
that the former is scrubbed fairly clean of 
speculative theology and anthropomorphic 
similes. In the small world of experimen- 
tal biology from which I come, nature is 
rarely worshiped; a more common reaction 
after a particularly frustrating experiment 
is the expression, “Nature is a b- -.” I 
don’t know where the gender designation 
came h m .  And hardly anybody in or out of 
science thinks of nature as necessarily 
kind. Generally speaking, however, there 
is never any question about who is boss, 
and that makes nature equivalent to God 

speculative theoligy. 
smus tried to warn the Catholic 
about the dangers of mhfjing spec- 

ulative theology five hundred years ago. 
The church couldn’t decide whether to 

make him a cardinal or burn him at the 
stake (this is my interpretation of history; 
other interpretations are abundant). So 
here we are starting the third millennium 
c.E., and it seems clear that our most bril- 
liant achievements have very serious unin- 
tended consequences. ”his appears to be 
the case with microbial genomics. Besides, 
there are way too many people now. Seems 
like a good time for an apocalypse. Or, to 
express the hypothesis less flippantly, a 
global, decimating biological catastrophe 
would be a natural event akin to the mass 
suicide of lemmings. 

I don’t necessarily believe all of that 
last paragraph, but I think it is worth a 
thought. A more common reaction when 
people learn something about biological 
warfare is “Scary, I don’t want to think 
about it.” The United States dismantled its 
biological weapons programs in 1969. Still, 
today many experienced microbiologists 
shy away from any involvement with even 
defensive programs in this area. A fairly 
sterile position has been taken nationally 
by the powers that be. That is, be vigilant 
and put your trust in international treaties. 
Such treaties have already proved pathet- 
ically unenforceable and wi l l  be even more 
irrelevant in the future as the players 
become less well defined and more numer- 
ous. If anybcdy has better ideas than these, 
now is the time to start pushing them for- - 
ward. 

On a posi and this is the bes 
I can come up with for a final positive note), 
unlike those who survived a nuclear holo- 
caust, the survivors of biological warfar 
would inherit a beautiful world with 
human infrastructure largely intact.. 


